The new octant of PETRA III will accommodate 14 beamlines with insertion devices (IDs) of different length. Five of the 8 straight sections are broken up into two parts with a canting angle of 5 mrad giving space for installation of two 2 m long undulators per straight. For all straight sections, the beam size can be adapted individually to the optical layout of the related beamline by a high or low beta lattice configuration. A minimum magnetic gap of 9.5 mm has been defined for the initial stage of PETRA III corresponding to a beam stay clear of 7.0 mm.
Undulator Sources
The new octant of PETRA III will accommodate 14 beamlines with insertion devices (IDs) of different length. Five of the 8 straight sections are broken up into two parts with a canting angle of 5 mrad giving space for installation of two 2 m long undulators per straight. For all straight sections, the beam size can be adapted individually to the optical layout of the related beamline by a high or low beta lattice configuration. A minimum magnetic gap of 9.5 mm has been defined for the initial stage of PETRA III corresponding to a beam stay clear of 7.0 mm.
In total, 7 different undulator types are built. The canted straights will mostly be equipped with 2 m Standard-IDs, i.e. a U29 magnet structure providing full energy tunability required by these beamlines. Furthermore, 2 m long U32 devices will extend the low energy range towards 2.4 keV for spectroscopic purposes. A single U23 undulator will be built for hard X-ray scattering in a preferred energy range of 30-60 keV. This device will have its 1 st harmonic at about 8 keV and will be continuously tunable beyond the 3 rd harmonic. The three regular straight sections will house a 5 m long U29 for coherence experiments, an APPLE II undulator (UE65) for magnetic and related applications in the VUV energy range, and an U19 in-vacuum undulator for a material science beamline providing hard X-rays around 100 keV.
Finally, a very long undulator can be installed in the straight section upstream of the new octant for the inelastic and nuclear scattering beamline. Due to various considerations for future upgrades, the length of this undulator will be limited to 10 m for now. In this part of the storage ring, a minimum magnetic gap of 12.5 mm can be reached. The magnet structure of the 10m-undulator will be of type U32. Table 1 gives an overview over the different undulators and their properties. Meanwhile, all three undulators are tested and characterized thoroughly. Extensive tests have been performed in order to analyze the mechanical properties of the undulator support structure, to study the accuracy of the gap drive and to localize the sources of residual deformation due to the magnetic load. The motion control system has proven its capability to control the four independent axes of the gap drive system with the expected accuracy in the ~1 µm range. Furthermore, peculiarities of the pole height adjustment for tuning the magnetic field have been investigated together with the magnetic end field termination. At present the magnetic measurements are ongoing. As the 2 m-prototype mechanics is a shortened version of the 5 m long XFEL device, the design revealed various points for simplifications and cost savings. For the fabrication of the further 2 m undulators for PETRA III, numerous changes and improvements have been implemented in the mechanical design of the devices: For example, the intermediate girder for a four-point support of the magnet girders will be omitted, the spindle size will be reduced, and the survey system which is integrated in the base plate and the alignment rail will not be required. Instead, the alignment rod will be fixed to the upper girder so that there are only two linear encoders, which directly measure the gap. The vertical position of the magnetic axis will be deduced from the multiturn resolver position of the lower girder motors. Such changes can easily be implemented in the motion control software of the undulator. The magnet structures of U32 and U23 are directly adapted from the U29 magnet modules. The end field terminations have been recalculated. All further 2 m long planar undulators are being fabricated at present. 
The APPLE II Undulator UE65
The UE65 will produce circularly polarized X-rays in the VUV range between 250 eV and 3 keV on its 1 st harmonic. All other operation modes like tilted linear polarization will also be available for this undulator. This device is being built in collaboration with BESSY and is in the fabrication phase at present. The iron cast support frame is in production as well as the magnet girders with their related assembly units. All long-lead items like guide rails, spindles and gearboxes for the 4-axes gap drive and magnet array shift have been ordered. The motion control components and motors will be supplied by DESY. The permanent magnets have been delivered and measured and are built up to half period magnet modules at present. Figure 2 shows the design of the 5 m long UE65, which is based on the experience with a somewhat shorter device. The 4-axes gap drive and especially the extended length together with the considerably large magnetic forces required changes to the previous BESSY design. 
The U19 in-Vacuum Undulator
A short period in-vacuum undulator (IVU) will be built for the hard X-ray material science beamline. The device will mainly be operated at the 7 th and higher harmonics. Due to its low Kparameter, the IVU will be continuously tunable only above ~50 keV. The layout of the optical properties of the IVU is based on a minimum magnetic gap of 7.0 mm though this value might be further reduced once the machine is fully commissioned and operating routinely. The magnetic length of the device is 4 m. The remaining length in this straight section is required for transition of the undulator cross-section to the magnet girder profile. Two vacuum valves for baking the device and an extra downstream SR-absorber have to be integrated additionally in this straight. For the flexible taper section, a water-cooled version will be used which is operating at the Swiss Light Source with good experience for years. The IVU, the flexible taper sections, and the other transition elements are in the procurement phase at present.
